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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant(s): Lei LU, et al. 



For: NANO-TWIN COPPER MATERIAL WITH ULTRAHIGH STRENGTH AND 
HIGH CONDUCTIVITY AND ITS PREPARATION METHOD 



Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

The above-referenced patent application claims priority benefit from the foreign 
patent application listed below: 

Chinese Application No. 02144519.2, filed November 1, 2002 

In support of the claim for priority, attached is a certified copy of the Chinese 
priority application. 

In the declaration filed April 26, 2005, the box adjacent the priority claim was 
inadvertently checked. A supplemental declaration is being filed currently herewith. 



U.S. Serial No.: 10/532,674 
Filed: : April 26, 2005 



Group Art Unit: To Be Assigned 
Examiner: To Be Assigned 



CLAIM FOR PRIORITY 



Respectfully submitted, 

SMITH, GAMBRELL & RUSSELL, LLP 



By: 




Denms C. Rodgers, Reg. No. 32,936 
1850 M Street, N.W., Suite 800 
Washington, D.C. 20036 
Telephone: (202) 263-4300 
Fax: (202)263-4329 
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iSL m ^ M =^ 



1. -^m-^^^^^^^Bi^^^n, *#^iE^^: *»J?,^^l±}^-f # 

M^^m^^^B>{M:t\^^M.^^, ^^^BpiBt^J^^JkJlA-^^^^l 80nm, 
^^^^ 100-500 nm; ^^^^ 8.93±0.03 g/cm^ 

99.997+0.02 at%, y^^#T##it^7^ 6xlO-Vs, ^ >® ^g. 5S >^ ^ 

700±10MPa, 1.8±0.5%. 

'tiJt: 8.93±0.03 g/cm', 99.997±0.02 at%, ^It^^^^Tia: 

6xl0-'/s, ^>®m?S$'^3^ 700±10MPa, ^-ft^^ 1.8±0.5%. 

^^^n^K^^ 300-5000 nm. 

i;pi£i^^>^^^^^^^i^^-^«^;^> PH'd^ 0.5-1.5, m^ikM 

99.99%^l^^'fe4^^, P^^^^W^^ Ni-P ^H^^tfi^^jlc^^-ffe^^^; 

ife^X^#|jC: l^^t'fe'^fe^^vftT^ 40~100A/cm^ ^>^J3;M;^r3^^^; 
itEHl-f^ (ton) ^ 0.01-0.05S, ^f^Ehj-f0] (W) ^ l~3s, P^^PH^^Sg^^ 
50-150mm, P0# P^^SIH bh^ 30-50: 1, ffe^7^7^>^^ 15~30°C; tfe^T^ 

^ijp^ij : 0.02 ~0.2ml/l 5-25%)!i^>^6^ B^^/X^^T^, 0.2-1.0 ml/1 5-25% 
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;^ifei7, *.x, *^x, itJi, ^^^mm^^j^±^n^--^^^^ 

^%&^'mt, ^ifitl^^WP-^^^^^J^^^-^^TG^ (#A1, Fe, Ni, Sn, 
Cd, Zn, Ag, Sb#) VJL^^^^^^^^^, iB^, ot^-^^Tt^^^ilPA^i 

^^^fJ^t^.^^o^StJC^^^'J; Cd, Zn, Sn, Pb t 
f J at ^ ^ ^ # # fhf ^ ^ ij Pg. f J , 

lt^^,^0#L#^4^^^i±/^^Hl,^iriI.^, #^iE^t^Xi-^ 1-100 ^^^ffl 
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Hall-Petch (cT = <7„+)W-"n 

^t 273K0!h7^ l.lGPa, ^WL^\%. ^ty^Wti^, (w) ^ 

^ 0.9-1.0 GPa, M#-3t*EB^Bi^^^^S7^T*2:#6^^JIMI>^(ay)'f5l^ 0.035 
GPa, ^i^bh3S.i^^i'Jit^^A^-^l^*^. llH^0Cu6^?i##-lt^6O%. 
>^>X;^^ (>^IL^) ^Cu#^6^?I;^^/;f^i^, (jy^T^ 250GPa, ^fci^ 

J. R. Weertman 1 : Sanders, P.G., Eastman, J. A. & Weertman, 

J.R., Elastic and tensile behavior of nanocry stall ine copper and palladium, Acta 
Mater. 45, 4019-4025 (1997)) ^b^IlK^ ^ 

30nm 6^^7|t0l,#:4i5l#^4. . ^mm^Jt"^^ 365MPao R. 

Suryanarayana ^^^( XM. 2: Suryanarayana, R. et al., Mechanical properties 
of nanocry stalline copper produced by solution-phase synthesis, J. Mater. Res. 
11, 439-448 ( 1996)) iF'J>^3t0^if'J#6^^^til9^, ##T^I|^7|t^^^^^ 
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#5'Jh%^X^^^ 26nm^^^^&3mnt^^^^^}^ 400 MPa, 

0111 4026.7 )mM^M%^M^n^m^dirB^kK-\-^ 30nm^ ^i^^ 
^t^Anrn^^pn^-m) ^%j^Mnm^^ 119 MPa, ^i^^^ 30%. jm 

^ 425 MPa, i^^i^^T^iX^ 1.4%= J. R. Weertman 3: Legros, 

M., Elliott, B.R., Rittner, M.N., Weertman, J.R. & Hemker, KJ., Microsample 
tensile testing of nanocrystalline metals, Philos. Mag. A. 80, 1017-1026( 2000 ) ) 

mm^k^^^^^mn^^^ (<1 mm> #:#Ehl-|^#Ti^i^ 535 MPa6^^M 

ilfel^^S^^T, #rBM-Jt6*jJ|^>^>A;L>h^7K:iiJ 80 nm 
100-500 nm; 

^;fr^p7:t^^: 1^^^ 8.93+0.03 g/cm^ 99.997±0.02 at%, 

^:S7^-^#T^'(^3t^j^ 6xlO-Vs, ^^E?M>^'^^ 700±10MPa, ^#^7^ 
1.8±0.5%; ^A5tiE#^Hl)^iX^-7^ 300-5000 nm; 

Se.i^it>^^^5C^7K^i^^t>a«i§7K,PH'fi7^ 0.5-1.5, PQ^i^jH 99.99% 

<fe^X^#tiC: l^jc^tife-^^^^^ 40~100A/cm^ ^jUM^t;^ ^ "fe^l ^ 
itB^NT(ton)^ O.Ol-O.OSs, ^KB!l-N(tofr)^ l~3s, P^^PHMlfg^ 50-150 
mm, PB^P^^S^xtk^ 30-50: 1, ife^?^?^;^^ 15-30°C; ^^t^^M^ 
*2t^#;^ ^; ^>^'J : 0.02 ~0.2ml/l 5-25%)?^>^6^ j^^X'^?^. 0.2-1.0 ml/1 
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S-lSVo^)^ S ^ NaCl T^^ii^ » 

\^^^n^M:^M-^}k)hA-^^n^(irym^-^> ^-^^A^T^ 100-500 nm, 

( 0.9-1. OGPa) 
6^ ^ ilt 0I, 6^ it #^^T i:^^ 

>|t si, # ^^^I 4151 # ^ 6«j ii# iSi iil. . 

•^iki^^l 1 

tfei^yX.^^^;fJfI*.^?^^Alt: ife^^^^ CUSO4M, r#-fef'J*.»7^4' 
PH=K 



2. <fe^X^#|jc: 50A/cm^ l3c^t^^%.€; 

\p] (ton) ^ 0.02s, ^KlN-fpI (toff) ^ 2s, B^;fePH;^^jEg;H? 100mm, PH^fe, 
P^^W^^th^50: 1; ife^7^>^^ 20*C, ^,^7^^^ ^. 

vi^JlpM: ^M^: 0.1 mI/1 ( 15% ^>^6*|Baj^;d<.^7gL ); 

NaCI: 0.6 ml/1 ( 15% ^>^6^ NaCl ). 

f'J-^iill^^^^i^|{c^^^^*>^->l;^^*H^0#^Cu#3t^4(Hli^iX-t^ 20 nm, 
lnm=10-^m), ^^^^^b^^ Cu ^i^^^^Ei 0.22 T^, T^^^H^W^^. 

7^>^ ) ts^Mm^^^ 702±5MPa, 

it^'j^^^^^^n, 7A.|H^^7|tCu#fp&^^^^ 99.998 at%. 





#^1: (%) 




(%) 


Bi 


<0.00003 


Sn 


<0.0001 


Sb 


0.00005 


Ag 


0.0002 


As 


0.0001 


Co 


0.00003 


Pb 


0.00005 


Zn 


0.00005 


Fe 


0.001 


Ni 


0.00005 



m Archimedes i^m?!3'J*#fp^^^^ 8.93+0.03 g/cm^ ^'M^^^ei^^ 
CuMi^^^^ (8.96g/cm') 6^ 99.7% , X-M^#Mi^^*B^ lfe)^m.^^^>K:0^B 
^Cu^i^^i^H^BliX-t^^i^ 20 mn, #.a ^ t^J^, >fL^^ 0„ 

i^^^^*.^lL#^m#^7|tBli#^ Cu U^^^^^^ti^Sl^^ (300-5000 
nm) r^M^v ^M,^k\^^^^^^^^tl^^-m^\^t^^^n)^M:i^^, 

80nm^#, ^^^A^^T^ 100-500 nm, # fo 4^ , 

^^li-^WJif-^^'^®. ^^-^^T-^-fi^^^^ (S2, 3 /;f^). 

#34^^ 7^ 6x10-' S-' ife)^7A.lR#H^H^^H^0#^ Cu &^^^^$^>^ao.2=702±5 
Mpa, ^'ft^^ 1.8%. 
^;5fe1^J 2 



1) mm^MU^^^^^l'^^^^^^^^^^^Cu ^MM^'f-^ 

^: W^^^^^-f 99.99%6^^^^, P^^T^J^W^^ Ni-P ^N%>t 6^^^. 
PB^P^^W^stb^ 30: 1. 

0.2ml/l; ^0X^#i:: ^^^yM^^^^ 80A/cm^ # it N" I>1 ( U ) 7^ 0.05s, 
^KeH-N (toff) ^3s; P^. Pg«]Egi^ 50mm, ^^^^7^^^ 15'C; 

Cu#3|4, X-M«Tli^**:P^*^^a^B*iX^^^^ 19mn, ( 1 mn=10-^^l ), 
iM^^^Bi^Cv^^^^^Bit^Mm^^^ 710 Mpa; itM *.-f-SL#^m^T^ 

3 

^«4l5l CUSO4M, >Sai^^>^^^@^. ^^^PH=1.5; P^, PH^: PH 
99.99%6^^|5|^, R^^^*W^^Ni-P i^^nM^'i^^M, 
PH^P>g^®^^bb^ 40: 1. 

2) '^;!;P#J: 25% )!^l>^6^B>aj&7}<.^7^ 0.15 ml/1, 25%)!{^>^6^i^^ NaCl 
7K«1.0ml/l; *,^X^#|i[: Ji^M 40A/cm^ -l^itN-f^ (U ) ^ 
0.01s, ^mnm (toff) ^ Is; PSMSg^lSOmm, ^^7S>^7^ 25^0; 

#^4o X-lt^^#M^^^*0H^^i^B^H|3LX-t^^^ 25 mn, (lnm=10-'m), 
i^^^aSg#:Cu#3H-^^y^6^^^g.?I^7^ 690 MPao 3tlt*.^M^«i^ 

6^^l5]^f^6^#rB>i-^i^^, ^H^B>i->t6^^i^if>^^P^ 23nm. #p^Dt6^'fi 

1 

#5tii>'c^*S0l,#:^t4|5i i^B^kK-^^'o^ 100 ^m) ^mi^T*i#, 

^^Pg:?!;^ cr„,, < 200 MPa, cr^ < 35 MPa, ^ S<60%. >^ 

$L;ff&^#it*lB^B#^^4l5l6^^^§I>3[^^^^?S>^^^'J^^i«^iJ 290MPa ^ 
250MPa, 8%, ®lth, ;^t^#it*lH^B#^^^ ( ^-^^alA^ 

i£^^$L^^) ^^Pg.^^l5I>S^i^i^>i^ 250MPa. 




tb^^-l 2 

M SI # ^ R. Suryanarayana # A^'J M ^^^-^rit^^ M^ttf^^^^si^ 
bk^^J 3 

^m^^^^ J. Weertman # A#'J>^'lt I^^^^^M^ ( lO'" 
-10-^ Pa) ir.^iijPSi^7|t 1-5 GPa), ftJ^iii-f-J^B^B^X-t^ife 

22-110 nm ^mi^^^^B^^H^t^ #p^p ^ ^^>^^^^ m^^~>^^»^ 96%, JL 

?I^^^it^l0li1^^|5l#^4^^A'lf>S6^^i^> ^^^?I>^-^i^3^ 415Mpa 
-480 MPa, ^^^?I^^iiSiJ 300 Mpa~360 MPao #p^d 6^?I>^-%#p^p ^^ftj^ 

M*IA> ^iLm'ltltrH3fi;i-+^i^J^/hMJ^^h. '^^B^kKir^M 

/jNiij22nm ^m?I>^iii'Jfti« -ft ( 360 MPa ) . all li^-t , ^ 

|||S#!#^ J. Weertman ^ A^'J^'l^'|i^i^i^>M>i#'J#ai^^3^*, # 
ISO'OE^^ (>E;tfit'ti^ 1.4GPa), m^^'f-^^B^iKt^ 
26nm&^mi^^^rBi^^^¥t> ^^t^^^^^it^^^^ 99Vo. ^YtA^t^ 
4^^?, (#p^p^>h-^^^<J7^ 3mm, ^#^6^#^W^v^ 200x200nm) 

5 

npJiM.^^AM^B^^m^-n m^y^iMnm^^ ii9MPa,^#^^ 30%. 

nM,^kKir^-mM^¥3t^^im^^^^rBi^m^^^^Mnm^A^Si^ 

i^, ■5ri^425MPa, 'f0^'ft>^TI^iX^ 1.4%o 
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